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Kuvnyt E€wmAavntwyv

Avbpéac Batiotact, Oavaonc Baoidawvact, Euuédeia Boutiépou?, Qurtewvr-Mapia ApaBiiia?,
Nwpyoc KaAnaéng?, Pévia Mevéyou?, Navayiitne MiydAawac?, Iaoovac MavAdmoudog?, Arfjuntpa

Niva, Owudc Mroapydtng’, Mwpyos Toakipnc', Stédoc Opaykousaxngl, Ap. Swthptog Toavridag?

1Zdvveto Mepaparikd AUketo Meipaid, Attikr, EAAado
2 Madnuarikdég, Aotpopuotkdg, Zavvelo Mepauatikd AUketo Mepatd, Attikd, EAAdda

Nepidnyn

Ao to 2009 to Staotnuikd tnAeckomio Kepler kataypddel Tig pikpeg eAattwoelg (ekAelelg) oto
dw¢ poKpLVwy aotépwy mou odeilovrat otn Stdfaocn (transit) MAavnTwy AMo UMPOCTA TOUG. ZKOTOG
MaG €lval va VTOTIOOUWME TAQVATEG O TPOXLA yUpW oo HOKPA dotpa amod ta Sedopéva tng
anootolr¢ Kepler, xpnotwpomnowwvtag tn MéBobdo twv AtaBdoswv pe tn Bordeta SUo mpoypappdTwy
Tou €xeL ypayet n opdda pag oe yAwooa C. Epocov evromiotolv kat ermpeBatwbouv ot Stapacelg,
TIPOXWPOUHE OTNV avAAUCN TWV XAPAKTNPLOTIKWY Tou TAavAtn: Aktiva, kAion, andotaon and 1o
QOTEPL, KOL KUPLWE av BPLoKETAL OTN AEYOUEVN «KATOLKN O {wvn» payua tou Ba kavel Suvartr
Slatripnon {wAg.

AOYw Tou TIOAU pIKPOU peyEDOUC Twv MAAVNTWY OE OXECN HUE TO QOTEPL TOUC, O EVIOTILOMOC QUTOC
elval e€apetikd SUokoAog. Mapola aUTA £XoUlE NON evtomicel évayv TETOLO eEWMAAVATN O€ TPOXLA
YUpw amnd tov aotépa KIC 1432789 ta XOPAKTNPLOTIKA TOU OMoiou avéAUoE n opada oG yLa TpWTn
dopa.

NEEELG KAELBLA

AnootoAn Kepler, EEwmAavAtng, dtaBaon, kaprnuAn ¢wtdg, KIC 1432789
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OEQPHTIKO YNOBAOGPO

H avaintnon e€wmhavntwy yivetal pe dtadopeg uebodouc. OLmio SLadeSouEVeG lval OL TTAPAKATW.
e Mé£Bobog twv Alapacewv (Transit Method)

Otav €vog mMAavATnG MEPACEL UMPOOTA and To dotpo tou (Sidfaocn), mpokaAel pia apudpn
eAdttwon tou Gwtdg Tou n omoia Kat kotaypddetal os £va Staypappa xpdvou — GwTtog Tou
ovopaletat KapumuAn ¢wtog (KD). O eviomiopdg Kot n UEAETN TETOLWV ENOTTWOEWV WUMOPEL Vo
davepwaoel TNV UTAPEN KaL TA XOPAKTNPLOTKA TWV TTAQVNTWV.

H M£Bobo¢ twv AlaBaocewv elvat autr mou emAEEQUE YLo va KAVOUUE TNV EPEUVH UAG.
o  MéBobog Aktvikwv Taxutntwy (Radial Velocity Method)

‘Evag mAavrtng o€ TpoxLd avoyKAIEL TO AOTPO TOU VO KAVEL PKPEC KLVIOELG OTIWE TIEPLTIOU £valg
odupoPolog mou neplotpédel T opUPA YUPW OO TO CWHLO TOU. QG AMOTEAECHA, TO AOTPO KATIOLEG
$OopEG Kveltal MPog Ta EUAG Kol KATOLEG AMEG amopokpUvetal. Otav Kwveltal mpog Ta UAS, TO
ddopa Tou GWTOC TMOU HOG OTEAVEL TIOPOUCLATEL Miot PETATOMION TPOC TO UMAE, evw Otav
QTTOMAKPUVETAL TIPOG TO KOKKWVO. Autd ovopaletal Qawvouevo Doppler, kal prnopet va dpavepwoel
v urapén e€wmhavitn.

e AkpLBn¢ ametkovion (Direct imaging)

J€ OTMAVIEG TEPUTTWOELG €lval Suvatdv va dwrtoypadicovpe ar’ eubeiog tov e€wmhavntn.
Emeldn opwg 1o ¢wg Tou elval oAU mo apudpo amd autd Tou aoTépa Tou, N pEBodog eivatl
ETUTUXNG MOVO OE TIEPUTTWOELG APUSPWY 0OTEPWY dwToypadnUEVWY OTO UTEPUBPO Kal UE TN
BonBela oteppatoypadou ou mpokalel texvnth EKAsldn Tou aotépa.

Baowkég EELOWOELG

OL €§lOWOELG TIOU XPNOLUOTIOLOAUE YL VA €EAYOUME TIG TPOXLOKEG TAPARETPOUG KAl TLG
TapaRETPOUC TNG StaBaong elvat ol akdAouBeg (Seager & Mallén, 2003):
1. To B&Bog tng Stapaong AF, dmou To F opiletal wg n oAk mapatnpoUEVN por akTvoBoAlag, Evw
Rp, R, glval n mAQvNTIKr KoL N 0.0TPLKN aKTiva avtioTola.
2

AFE = I:notramsit - I:transit _ Rp
I:notransit R.

2. O Tpitog Nopog tou KémAep, 6mou P elval n tpoylakn mepiodog, G n Itabepd tng Maykoouiag
‘EAENG, Mp, M, n pada Tou AT KOL TOU QOTEPA OVTIOTOLXQ, KOL & N TPOXLOK OKTivaL.

2 47T2a3
G(M.+M))

3. H napdpetpog b (Impact parameter) n omola kaBopilet tn popdn ¢ Stafaong, omou ty, ty eival
n oAkr} StdpkeLa tng EKAsLPNC Ko n SLAPKELD TOU ETIMESOU TUAMATOC TNG avTioToLya.

. ____________________________________________________________________________________________________________|]
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a-aF) -| F | b+ VAR
b= T
(]
i tr i

4. H kAlon tng TPOXLAC Tou MAQvATN, i,

i = cos‘l(b&j
a

5. Ta 6pla TN Katotknowng Zwvng (Selsis et al, 2007)

L 1/2
2
Iin = (Iin|sun - ainT* - binT* ) L
sun
L 1/2
2

Iout = (Iout,sun - aoutT* - boutT* ) L

sun

omnou

Ay, = 2.7619 X 1073, b;,, = 3.8095 x 1072,

Aoue = 1.3786 X 10™* , by = 14286 X 1077,

Teff lval n Beppokpacia Tou actépa

kat T, = Terr — 5700

Emniong ta Iin Ko Iin elvai og AU (Aotpovopikeg Movddeg), v to T, ppeivar oe K.

O tpéc twv | kau | Baoifovtal ota KpLTRpLa TToU €X0UV eMAeYEL yLo Tov KaBoPLoUO TwV

In,sun out,sun
opilwv tNg Katoknowung {wvng (KZ). O Mivakag 1 Sivel ta 6pla yla tnv Twpvr) KZ tou 8ikov pag
nAlakoU cuotnpatog ta onoia Baocilovial ota KPLTRPLX TOU «TIPWLLOU Apn» Kal TNG «mpoodatng
Adpobditng», kat ota povtéla aktivoBoliag — petadopdg pe vedpookémnaon 0, 50 kat 100%.

Kpwiplo  Négn — Népn  Négn
Adpoditng 0% 50% 100%
lin.sun (AU) 072 0.84-0.95 0.68-0.76 0.46-0.51
Iout,sun (AV) leL'Er]pLo Nébn Nédn Nédn
Apn 0% 50% 100%
1.77 1.67 1.95 24

MNivakag 1: Opta TG KATOKAGLUNG {wvng Tou HALaKoU Hag CUCTAUATOG

EPEYNHTIKH MEGOAOZ

AYn Sedopévwv
Ma tnv anoktnon twv dedopévwy, xpnotporotoape to “NASA Exoplanet Archive” oto onoio pmopetl
Kaveig va Bpel OAeC TG KapumUAeg pwtog Tng amootoAng Kepler tng NASA. Autr) n Bdon dedopévwv
eival eAelBepa mpooBacipn péow tou dtadiktvou otn oeAiba:
http://exoplanetarchive.ipac.caltech.edu/index.html
]
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AvdAuon dedopuévwv

H avdAuon twv kapumuAwv ¢wtdg (KO) mpayuatonowyBnke pe tn Bonbeia SUo mpoypappdtwy
nAektpovikoU umoloylotr o yAwooa C mou ypdadtnkav amd tv opdda pag. To Mpwto mou
ovopdletat pltrackl (Planet Tracker 1), xpnowuomoleital yla ToV apXKO eVTOTIONO PALVOUEVWY
ekAelPewV Kal yevikOTepa TUNUATWY Twv KO oto omola n KAToyeypappévn moooTNTA Tou GwTog
napouolalel «Umomntn» pelwon. To mpdypappa autd dnuoupyel éva apxeio pe to dvopa out.dat
oto omnoio kataypadovral oL xpovol Twv onueiwv tng KO mou avrkouv os mbaveég ekAelPelg. Itn
ouvéxela, enefepyaldpaote to out.dat pe to mpdypappa Period04 (Lenz & Breger, 2005), To onoio
ektehel AvaAuon Fourier WoTe va evtomotoUVv MEPLOSIKOTNTEG OTN XPOVOOELPd Ttou out.dat. KL auto
810t vy va eruBeBatwdei pia khewpn Sev apkel va mapatnpnOei pa eAdrtwon tou ¢wtdg, ald
Ba mpémeL va eival Kol TMEPLOSIKN. TNV TEPLMTWON TIOU EVTOMLOTEL TETOlA TEPLOSIKOTNTA, TO
Slaypappa tng Fourier €xeL TNV XApaKTNPLOTIKA popdr) mou daivetal oto Ixnua 1.

My Fourier calculation { F=0, A=2 )

2.00 T T T T T T T T T T T T

1.20

Anatade

0.80|

0.40)

0.00)

IxAnua 1: AvaAuon Fourier tng KO tou aotépa KIC 11904151

H cuxvdtnTa v MOU aVTLOTOLXEL OTNV TIPWTN Ao APLOTEPA KATAKOPUDN «yPOoUUn» pag Sivel tnv
tpoxlakn meplodo T tou mBavou e§wmhavrtn cVpdwva pe tov tno T = %, EVW OL UTIOAOLTIEG
ouxvOTNTEG Tou epdavilovral lval oL OPROVIKEG TG apXLKNG. To YEYovOg OTL otnv avaluon Fourier
TAPOUCLATETAL TOOO LEYAAOG apLOUOG APHOVIKWY E(VAL OIMOTEAECLA TOU YEYOVOTOG OTL £XEL VIVEL TO
«PATpAPLOOY TWV ONUEiwY Héow Tou pltrackl kat amoteAel mMAgoveKTNa TNG LEBOSOU TIOU €XOUE
avartuéel adol KAVEL TIOAU XOPAKTNPLOTIKY TN Hopdr Tou SLoypAUUOTOq KOl EMOUEVWS TIOAU
€UKOAO TOV €VTOTILOMO Twv TAavnTkwy Stafdcewv. To deltepo Mpoypaupd pag, pltrack2 (Planet
Tracker 2), pag BonBael va evtomicoupe Kot va avaAllooupe TG ekAeldelg, onwg Ba egnynooupe
TP OKATW.

ANOTEAEZMATA ANAAYZHZ: KIC 1432789

XapaKTnPLOTIKA

O KIC 1432789 eival évag aoTépag Tou BploKeTaL O€ Amootaon 11993;328% parsecs (oxebov 3910

£tn dwtog) ard tn M. Exet nAwkia 4.073’;% Sloekatoppupiwy Twv, Alyo vedtepog and tov 'HAwo o
omnolog lval 4.6 SLOEKATOUUUPLWY ETWV. EMUMTAEOV, OL SLACTACELG TOU €ival TTAPOUOLEG LLE QUTEC TOU
‘HAlou pag.

MNpoéodata (Morton et al.,, 2016) to cuotnua tou KIC 1432789 xapaktnpiotnke OTL Slabétel
eruBeBatwpévo eEwmAavntn, 0AAA HOVO OTATLOTIKA, apoU EKTLUNONKE OTL UTIAPXEL AlyOTEPO Ao 1%
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muBavdtnta va pnv €xet mAavrtn. EmAé€ape va EpEUVACOUE aUTHV TNV Iepinmtwon adol PEXPL TOTE
Sev giyav avakaludOEei oL TPOXLOKEC Kol TTAOVNTIKEG TP AUETPOL TOU CUOTHLATOG.
AvdAuon
3TO0 MPWTO OTAdlo TNG avaiuong edapuocape to Mpoypaupa pltrackl otnv KO pe tn popdn
LC_WHITE pe T akoAouBeg mapapétpoud:

¢ Sliding window width=10

e CE Threshold=-1
3to apyxeio out.dat mou mpoékue edpapupdoope avaluon Fourier kal evtomicape tn PBaocikn
ouyxvétnta 0.100655 days™! Kol TI¢ appoVIKEG TNG Tou daivovtal oto TxAua 2. H mepioSog mou
avtiotolkel eivat 9.93493 days.

My Fourier calculation { F=0, A=2 )

Amaiade

Ixfina 2: Avaluon Fourier tng KO tou aotépa KIC 1432789

3TN ouvéxela, pe tn Pondela tou pltrack2 «SutAwoape» oAokAnpn thv KO oe mAdtog 2 meplodwy
wote va pavepwbei n popdn tng EkAewbng. Ta anotedéopata dpaivovrtal ota Ixnuata 3 kat 4. Onwg
pmopet va 8t kaveig, oL ekAeielg eival epdaveic povo oto IxAua 4 omou €xel yivel binning, SnAadn
ta Sedopéva €xouv opadormotnBel kat €xouv Byet péool 6pol ava 30 LETPROELG, WOTE TO SLAypapu
va elvat o kabapo.

Phase curve of KIC 1432789

0.006

0.004

0.002

Relative Flux
S

-0.002 =

-0.004

-0.006

Days

IxApa 3: H kapumuAn ddong tou aoctépa KIC 1432789. Napatnprote otL ot ekAeielg ev eival opartec.

. ____________________________________________________________________________________________________________|]
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Phase-folded LC of KIC 1432789 (binned)

5.00E-04

3.00E-04 +

1.00E-04 3%

-1.00E-04 ==

-3.00E-04

-5.00E-04

0 2 4 6 8 10 12 14 16 18 20

IxAMa 4: H kapmoAn ddaong tou aotépa KIC 1432789 (binned). AUo exAeilelg eivat opatég KATA TG NUEPES 7
kot 17, oL omoieg améyouv akplBwe pia mepiodo.

Sto Seltepo Sldypappa ebappooape TPOMELOEISEC YPOUULKO HOVTEAO yla va e€édyoupe ta
XOPAKTNPLOTIKA TNG EKAeWNG cUUPwva e TIG EELOWOELG TTOU £XOUE avodEPeL. TA CUYKEVIPWTIKA
anoteAéopata mapouvotdlovrat otov MNivaka 2.

Phase curve of KIC 1432789 (binned)

5.00E-04

3.00E-04

3
1.00E-04

Relative Flux

-1.00E-04

-3.00E-04

-5.00E-04

IxAna 5: Avauon tng ékAeubng pe tn BorBela ypapptkol poviélou.
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KIC 1432789 — AvaAuon Xapaktnplotikwv E§wmAavitn

Tpoyxlakn epiodog P (days) 9.93493

Awdpkela AaBaong (hours) 19.30

A6yog aktivwy (Rp/R+) 0.010954

KAion i (deg) 87.06

NOyog ’ a’noomonq TPOG 10 ge

aoTPLKN aktiva, a/Rs

Impact parameter b 0.9728

Napapetpot E§wmAavrtn

Maloe mAavAntn M, (Earth )

masses)

Aktiva mAavitn Ry (Earth radii)  1.24

Msya')\oc nuagovag ™mg 0.0916

TPOoXLAG (AU)

Mivakag 2: Xapaktnplotikd tou e§wmAavitn tou KIC 1432789
ZYMMEPAZMATA

Ao tnv avaiuon twv dedopévwy TnG amootoAng Kepler yia tov aotépa KIC 1432789, mpoékue OTL
oe Tpoxlakn andotacn 0.0916 AU (aoTtpovoulkwy Hovadwv) meplotpedetal e€wmAavnTng e aktiva
Alyo peyolUtepn amo autr tng Mg. H amootacn amod to AoTtpo Tou OPWE eival e€ALPETIKA ULKPN.
Edappolovrag tig e€lowoelg yla tnv KZ tou KIC 1432789, maipvoupe OtL auth Bploketal PeTafl
0.7839 AU kat 1.9158 AU. Tuvemnwg, mpoKeLtal yla éva oAl Beppod eEwnAavitn, o onoiog Bploketal
£KTOC TNG KZ Kat TtoAU KovTtd oTo dotpo tou, amokAsiovtag £tot tnv Umapén Lwng.
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